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hydrocephalus in the United States. 8 Frequency of utilization and outcomes of such treatment outside the context of clinical trials are largely unknown. Therefore, we aimed to study in-hospital outcomes and resource utilization after IVT for patients with ICH requiring ventriculostomy in a populationbased, retrospective cohort study from a large national health database.
Methods

Data Source
We analyzed data from the Nationwide Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project from January 1, 2002, to December 31, 2011. NIS is a 20% stratified random sample of all admissions to nonfederal hospitals in the United States. It contains information regarding demographics, hospital characteristics, primary and secondary diagnoses, inpatient procedures, comorbidities, and case severity measures. All diagnoses and procedures are recorded using International Classification of Diseases version 9 Clinical Modification (ICD-9-CM) codes. Discharge weights are provided to permit extrapolation of population estimates from the sampled cases. Detailed information regarding the design and the contents of NIS is available at the Healthcare Cost and Utilization Project web site. 9 
Case Selection
We first identified cases with primary diagnosis of nontraumatic ICH with or without IVH by using ICD-9-CM code 431. 10, 11 Only patients with IVH requiring ventriculostomy were selected, using procedure code 02.2 (before October 1, 2011) and 02.21 (from October 1, 2011). 12 We excluded cases of age <18 years, traumatic brain injury, brain malignancy, cerebral vascular malformations, and those undergoing aneurysm clipping or coiling to restrict our population to those with primary ICH. Thrombolytic treatment was ascertained by procedure code 99.10. As the ICD-9-CM code does not distinguish the indication and route of thrombolytic treatment delivery, cases with acute stroke, myocardial infarction, pulmonary embolism, and end-stage renal disease requiring dialysis with possibility of access catheter thrombosis were excluded to minimize the uncertainty of indication for thrombolytic treatment. Because the unit of the NIS database is discharge after hospitalization rather than an individual patient, cases transferred to another hospital were excluded to prevent double counting of the same patient. Patients enrolled in a clinical trial (ICD-9-CM code V70.7) were also excluded ( Figure 1 ).
Comorbidity and Severity Adjustment
We calculated the modified Charlson comorbidity index, 13 a weighted score of 17 different comorbidities validated for outcome adjustment for analyses of administrative data sets using ICD-9-CM codes. 14 Case severity was determined using the all patient refined diagnosisrelated groups (APR-DRGs) to assess risk of mortality using an algorithm developed by 3M Health Information Systems. This proprietary 4-point ordinal scale (minor, moderate, major, and extreme risk of mortality) is derived from age, primary and secondary diagnoses, and procedures. 15, 16 The APR-DRG methodology has been validated to predict mortality more reliably than other severity measures using administrative data sets and has been used as a severity indicator in prior studies, including those relating to hemorrhagic stroke. [17] [18] [19] 
Outcomes Measures
The primary outcome of interest was inpatient mortality. Secondary outcomes studied were a composite favorable outcome of discharge to home/self-care or rehabilitation and a composite unfavorable outcome of discharge to skilled nursing facility, hospice, or death. Discharge disposition has been shown to correlate with 90-day and 1-year modified Rankin Scale with discharge to home or rehabilitation indicating higher functional potential than discharge to skilled nursing facility. 20 Other safety outcomes studied were rates of bacterial meningitis, permanent ventricular shunting, gastrointestinal bleeding, gastrostomy, and tracheostomy. Resource utilization measures used in the study were length of stay (LOS), overall cost of care, and cost of care per day LOS. Cost of care was obtained by using hospital charges and Healthcare Cost and Utilization Project cost-to-charge ratios and was adjusted for inflation to obtain 2013 US dollar values by using yearly inflation rates published by the US Department of Labor/Bureau of Labor Statistics. 21 We also compared the outcomes between the IVT group and the non-IVT group among the following subcohorts to assess robustness of the primary results: (1) cases excluding withdrawal of care by guest on April 15, 2017 http://stroke.ahajournals.org/ Downloaded from (ICD-9-CM code V66.7), 22 (2) survival >48 hours from admission, (3) high ICH case-volume hospitals (>47 cases per year comprising top 2 quartiles), (4) coding for obstructive hydrocephalus, (5) prolonged mechanical ventilation (>96 hours), (6) transferred in from another hospital.
Statistical Analysis
Comparisons were made using χ 2 and Wilcoxon rank-sum tests for categorical and continuous variables, respectively. Multivariate logistic regression was used to adjust for available potential confounders in assessing the effect of IVT on outcomes. The following covariates were included in all regression models: age, sex, race/ethnicity, interinstitutional transfer, hospital characteristics (location, teaching status, geographic region, bedsize, and ICH case-volume quartile), modified Charlson comorbidity index, 3M APR-DRG risk of mortality subclass, coronary artery disease, diabetes mellitus, hypertension, atrial fibrillation, dyslipidemia, anemia, valvular disease, anticoagulation-associated hemorrhage, thrombocytopenia, blood components transfusion, performance of cerebral angiography, craniectomy and craniotomy, prolonged mechanical ventilation, and withdrawal of care status. We studied 10-year temporal trends of utilization of ventriculostomy in ICH and of IVT among the cases included in the analysis using χ 2 test for linear association. As recommended by Healthcare Cost and Utilization Project, population estimates were obtained by complex sample analyses that consider weights, clustering, and stratification used for NIS sampling. 23 All analyses were performed by using IBM SPSS version 20 (IBM Corporation, NY) with statistical significance set at P<0.05. No adjustment was made for multiple comparisons because of the exploratory nature of the analysis.
Results
Of the 655 078 cases with primary diagnosis of ICH, 42 422 (6.5%) underwent ventriculostomy. Among 34 044 patients meeting eligibility criteria, 1133 (3.3%) patients received IVT. Patients receiving IVT were slightly younger (median . Sex and racial distributions were similar between the IVT and non-IVT groups. The IVT group had proportionately higher rates of interinstitutional transfer, and patients were more likely to be treated in a teaching hospital and in the western United States. Annual hospital ICH case volume was also higher among the treatment group (Table 1) . Patients receiving IVT were more likely to have history of hypertension (P=0.030) and anemia (P<0.001). IVT group also had a higher modified Charlson comorbidity index (P=0.038), a higher rate of undergoing cerebral angiography (P<0.001), and a lower rate of craniotomy (P=0.003). Overall case severity as assessed by 3M APR-DRGs risk of mortality was higher in the thrombolysis group (extreme likelihood of dying: 56.6% versus 41.5%; P<0.001). The rates of prolonged mechanical ventilation and obstructive hydrocephalus were also higher in thrombolysis group (P<0.001 and 0.003, respectively; Table 2 ).
The rate of ventriculostomy utilization in ICH increased from 5.7% in 2002 to 2003 to 7.0% in 2010 to 2011 (trend P<0.001), and the rate of IVT among the cases included in this analysis also showed an upward trend from 0.6% to 5.6% across the same interval (trend P<0.001; Figure 2 ).
The thrombolysis group had lower unadjusted inpatient mortality compared with the non-IVT group (32.4% versus 41.6%; odds ratio [OR], 0.671; 95% confidence interval [CI], 0.528-0.854; P=0.001). Adjusted inpatient mortality (adjusted OR, 0.670; 95% CI, 0.520-0.865; P=0.002) and the rate of composite unfavorable discharge were lower (adjusted OR, 0.670; 95% CI, 0.502-0.894; P=0.007) in the IVT group after controlling for available potential confounders. There was a trend toward higher rate of favorable discharge in the treatment group (adjusted OR, 1.335; 95% Table 3 . The outcomes of the other subcohorts were also largely consistent with the primary results that included all cases and are shown in Table  I 
Discussion
This study exploring the outcomes of IVT for IVH requiring ventriculostomy at the population level showed that patients treated with intraventricular thrombolytics had lower inpatient mortality compared with those given standard care without thrombolysis. This finding is consistent with randomized studies showing decreased mortality in patients treated with IVT compared with those with standard treatment. 4, 24, 25 The 33% mortality seen in the treatment group in this study is higher than that reported in the thrombolytic trials, 4,25 but the thrombolysis trials excluded patients with predicted poor prognosis such as hematoma volume >30 cc, age >80 years, and midbrain compression; the mortality rates in prior observational studies from clinical chart abstraction are similar to those found in the current study. 26, 27 The effect size of survival benefit with thrombolytic treatment (33% lower odds of mortality) is also close to that found in a previous meta-analysis of observational studies showing decrease in odds by 56% (95% CI, 21-75%) with IVT versus ventriculostomy alone. 3 We also found a higher rate of favorable discharge among the thrombolysis group, which reached statistical significance in the subgroups of high ICH case-volume hospitals and transfer-in from another hospital. This finding may indicate a potential benefit of the treatment on functional outcome in addition to improved survival, especially in hospitals with experience in this procedure. It is well known, however, that functional recovery continues for months after hemorrhagic stroke, 28 and a well-validated follow-up functional assessment such as 180-day modified Rankin Scale (not available in NIS database) is needed to confirm or refute the treatment effect on functional outcome.
The adjusted rates of permanent ventricular shunt placement were similar between the 2 comparison groups (adjusted OR, 1.358; 95% CI, 0.929-1.984; P=0.114). This result may indicate that thrombolytics do not prevent communicating hydrocephalus despite faster clearance of intraventricular blood. Alternatively, this finding may be driven by a higher survival rate of patients with more severe disease in IVT compared with non-IVT patients. Of note, consistent with the current study, a prior meta-analysis found no evidence that IVT reduces the need for ventricular shunting procedures. 3 Prior studies have shown no increase in infectious complications with IVT. 3 This was also found in our study showing similar rates of bacterial meningitis in both groups. This is also the first large study analyzing the hospital characteristics and resource utilization measures associated with IVT. Teaching hospitals and hospitals with larger annual ICH case volume were more likely to use IVT, possibly because of greater availability of resources and technical expertise, more full-time in-hospital staffing, and higher experience with resultant higher comfort level of treating physicians for using this infrequent treatment. Higher overall cost associated with IVT is largely explained by longer LOS in the thrombolysis group, because the cost of care per day of hospitalization was not higher. We speculate that preferential improvement in survival of the most severe cases may have contributed to comparative higher cost of care and longer LOS in the IVT group. Patients in the nontreatment group had higher rates of craniotomy. This may reflect differences in the population considered for surgery and thrombolysis with larger ICH more likely to receive surgical treatment and larger IVH more likely to receive thrombolysis.
The results of this study should be interpreted with caution because of inherent limitations of administrative databases, the 
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retrospective and exploratory nature of the analysis, and a lack of well-validated ICH severity measures and follow-up data. For severity measures, the NIS database does not have critically important prognostic elements such as Glasgow Coma Scale and ICH/IVH volume and location. We have used a previously validated DRG-based risk of mortality algorithm to partially overcome this limitation and found APR-DRG risk of mortality to be a strong predictor of mortality in a dose-response fashion (Table IV in the online-only Data Supplement). The primary limitation in assessing any treatment effect from a nonrandomized study is the risk of confounding by indication (ie, the choice to treat with thrombolysis was tied to the final outcomes in a noncausal way) and survivor bias (ie, patients surviving initial days after ICH had more time to be selected for IVT, thus causing spurious association of IVT with survival). 29 In this case, however, patients given thrombolysis had higher APR-DRG severity scores, arguing against our findings being solely because of confounding. Additionally, more than two third of patients in the IVT group received thrombolysis <2 days after ventriculostomy. Therefore, survivor bias in this study, although possible, is less likely to impact the mortality significantly as suggested by lower mortality in IVT group among patients surviving ≤2 days from admission. Our method of case selection is also an important limitation. ICD-9-CM code 431 is validated to have high positive predictive value for diagnosing primary ICH from administrative data sets, but its accuracy in identifying IVH has not previously been studied. 10, 11 Similarly, procedure code 99.10 has high specificity for intravenous thrombolysis in stroke. 30 However, no prior study has validated the use of the code for ascertaining IVT.
To increase the accuracy of case ascertainment, we excluded the cases with confounding diagnoses for thrombolysis indication such as ischemic stroke, myocardial infarction, pulmonary embolism, and those on hemodialysis with possibility of clotted access lines requiring thrombolytic agents. The temporal trend in the fraction of treated cases is coincident with development and publication of research data supporting the use of thrombolysis in IVH, lending some credibility to our case selection method. Nevertheless, it remains possible that our cases were not all cases of IVH and that some treated cases were given thrombolytic agents via some other route than intraventricular. Although diagnosis coding is imperfect, random ICD-9 coding errors would bias the results toward the null, so are unlikely to account for the measured differences in mortality rates found in this study. Despite these limitations, we think that large-scale studies to analyze the effects of infrequently used treatments such as IVT by chart abstraction are not feasible and national administrative databases such as the NIS provide a more readily accessible tool to validate the effectiveness of this treatment at the population level in routine clinical practice.
In conclusion, using population-based data, we have shown that IVT in patients with primary ICH requiring ventriculostomy may be associated with higher survival to discharge and perhaps even improved favorable discharge disposition. We found no evidence that IVT increased the rate of bacterial meningitis. This finding is consistent with the results from prior randomized pilot trials and small observational studies. A more definitive conclusion regarding the effect of the treatment on outcomes requires confirmation by large randomized studies, such as the ongoing CLEAR III trial. 
